Large herbivore species like mammoth and bison roamed the Earth during the Pleistocene (2,588,000 to 11,700 years ago), leaving their marks both in the fossil record and in plant adaptation to their large appetite. Only recently has science begun to appreciate the extent of the ecosystem services they provided, including, for instance, nutrient redistribution against the natural fl ow and compaction of soils (Curr. Biol. (2016) 26, R1-R5).
This appreciation arrives somewhat late as humanity is on course to complete the extinction of terrestrial megafauna which our ancestors started when they emigrated from Africa and hunted down the naïve wildlife populations of the other continents. Animal species survived the longest where they co-evolved with human hunter-gatherers, namely in Africa. Of the proboscideans, only the elephants survive, and they may be on their way to extinction too, unless that two-legged predator armed with guns changes his ways.
African elephants were recently recognised to split into two species separated by more than 2.5 million years of evolution, the slightly larger savannah elephant (Loxodonta africana) and the forest elephant (Loxodonta cyclotis). The former is more widespread and inherited the IUCN conservation status 'vulnerable' along with the binomial name, while the latter doesn't have an offi cial conservation status yet. The Asian elephant (Elephas maximus), the closest living relative of the extinct woolly mammoth (Mammuthus primigenius), is listed as endangered. For all three surviving species of the Elephantidae family, recent developments have added to the grave concerns. From the analyses of these observation records, Wittemyer and colleagues concluded that forest elephants reproduce much more slowly than savannah elephants. Although forest elephants can be fertile at 10 years of age, the median age of fi rst giving birth was 23 years. Studies of savannah elephants using the same methodology had yielded median values between 11 and 14 years. The reproduction rate of forest elephants is further slowed down by the long intervals between births. The study found a median of 5.5 years, compared with values of 3.3 to 4.5 years for savannah elephants.
Observing forest elephants
Based on these parameters, the authors calculate a doubling time of nearly 60 years. Thus, even if poaching could be stopped immediately, the population would take close to a century to recover from the losses it has suffered since 2002.
Counting savannah elephants
African savannah elephants may reproduce faster and they are easier to monitor from the air, but they, too, are in decline. The fi rst continent-wide aerial survey of savannah elephants,
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The plight of the pachyderms All three surviving elephant species are facing dramatic declines. Poaching driven by consumer demand for ivory in Asia is an important driver of their demise especially in Africa, making their plight a global issue, which has to be addressed by international policy. Michael Gross reports. The census has broadly confi rmed this estimate by documenting a population decline of nearly 80,000 for the sites covered by the survey. Overall, the study suggests that the population of African savannah elephants is shrinking by 8% each year, and that most of this decline is due to poaching.
Beyond the population statistics, the survey also enables conservation workers to address the old conundrum of whether or not protected areas are effi cient at protecting species (Curr. Biol. (2012) R287-R289). The majority (84%) of savannah elephants live in protected areas, and the results suggest that this is also where poachers are concentrating their efforts. Overall, the ratio of observable carcasses to living elephants was comparable in protected and unprotected areas. Extremely high numbers of carcasses were seen in some protected areas including in the northern section of Tsavo East National Park, Kenya, in Niassa National Reserve, Mozambique, and in Rungwa Game Reserve, Tanzania. The fi ndings clearly suggest additional anti-poaching measures are necessary in these areas.
Helping Asian elephants
The Asian elephant was once found along the entire East-West extension of the continent, from Turkey to the Pacifi c coast. It is now dispersed into small patches in South Asia, some of which have critically low populations.
Its signifi cance in the ancient cultures of the area and the long-running use of tamed elephants for work provide a different context for its decline. Unlike in Africa, habitat loss is typically cited as a more signifi cant reason than poaching.
In China, for instance, deforestation has continuously decimated elephant habitat and moved the northern limits of its distribution southwards. As of 2015, only 250 elephants survived in China, living in fragmented habitats in the Yunnan province. In a recent study, Li Zhang from Beijing Normal University and colleagues have assessed how measures of habitat suitability, including vegetation type, geographic factors and human disturbance, can help to save this last dwindling population from extirpation (Biol. Conserv. (2016) 198, 113-121) .
The authors conclude from their analyses that, following deforestation and land-use change, only very little habitat suitable for elephants is left in China. Thus, conservation efforts should concentrate on improving habitat conditions, combined with establishing corridors to combine the remaining patches of habitat.
Asian elephants have been tamed and used for a variety of tasks including warfare, logging, safari tourism, and ceremonial processions for millennia. This deeply rooted cultural connection, together with law enforcement, and the availability of ivory from domestic elephants may explain why poaching is a less dramatic problem than in Africa, even though the demand for poached ivory originates largely in Asia.
The remarkable cognitive abilities of elephants underlying some of their domestic uses also make them prime candidates for the accordance of improved animal rights. Animal rights advocates have frequently criticised the cruelty involved in breaking in elephants for work or ceremonial tasks. A recent documentary called Gods in Shackles by Sangita Iyer (2016) exposes the practices used in preparing elephants for the Hindu temple festivals in the Indian state of Kerala.
Crushing the ivory trade
International trade with elephant ivory has been banned under the which is estimated to cover more than 90% of the population, was published at the end of August, just ahead of the IUCN World Conservation Congress held at Honolulu, Hawaii (PeerJ (2016) 4, e2354 https://doi.org/10.7717/ peerj.2354).
The Great Elephant Census project managed by Elephants Without Borders surveyed 18 countries, confi rming a population of just over 350,000 savannah elephants. There may have been as many as 20 million elephants in Africa before colonisation, and still one million in 1970. The survey also counted carcasses visible from the air, to arrive at estimates of recent mortality.
Modelling population trends based on the new survey and on historical observation data, the authors conclude that elephant populations enjoyed a period of recovery, from 1995 to around 2007, after the poaching crisis in the 1970s and 1980s. As conservationists realised belatedly, that particular poaching crisis was fuelled by growing demand and purchase power in Japan, a demand that has now subsided. Since 2007, a new wave of poaching has spread across Africa, as the high number of carcasses observed in the census project has confi rmed. This time, it is driven by demand from China and South East Asia.
In the years 2010-2012 alone, around 100,000 elephants have been poached, according to recent estimates -more than 90 each day. Conservationists have long argued that the existence of these legal domestic markets provides opportunities to launder illegal ivory obtained from poachers. At the IUCN conference at Hawaii, this view prevailed. A large majority of countries, along with all of the conservation NGOs represented at the conference, voted for the motion that "urges the governments of countries in which there is a legal domestic market for elephant ivory, or any domestic commerce in elephant ivory, to make all necessary legislative and regulatory efforts to close their domestic markets for commercial trade in raw or worked elephant ivory" (https://portals.iucn.org/congress/ motion/007). Last-minute attempts by opponents including Japan and Namibia to weaken the resolution with amendments remained unsuccessful.
While the motion has no legal force, some of the governments targeted have already pledged to take steps in this direction. Specifi cally, US President Obama and China's President Xi announced in September 2015 a joint commitment to combat wildlife trade and shut down domestic ivory markets. A US prohibition of ivory trade came into force in June 2016. Under the new rules, only antiques that can be proven to be more than 100 years old can be traded. Exceptions are also made for musical instruments that only contain small amounts of ivory, such as vintage pianos. In the UK, the Conservative Party had made commitments to clamp down on the domestic ivory trade before the elections of 2010 and 2015, but hasn't acted on them yet. On September 21 st , however, The Times reported that new rules similar to those in the US are to be announced.
At the recent Tokyo International Conference on African Development (TICAD) held in Nairobi, Kenya, the Kenyan organisation Wildlife Direct chaired by Paula Kahumbu launched an appeal to the Japanese government to follow the US initiative. While Japan is no longer a main driver of ivory demand, it keeps up ivory use in a traditional kind of seal used in banking, the hanko. Kahumbu cites fi ndings that the existing legal ivory trade in Japan serves as an opportunity for criminal gangs to launder their illegal ivory.
The 17th meeting of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), held at Johannesburg, South Africa from September 24 to October 6 (as this article goes to press) is expected to add to the pressure on governments to ban domestic trade.
On the other hand, a small number of countries, including African ones like Swaziland, Namibia and Zimbabwe, have argued that a legalised, well-regulated trade with ivory could be sustainable. Tusks tend to be well-preserved when elephants die naturally, so, if populations were better protected, there would be more of them providing more ivory in the long term than could be obtained by unsustainable levels of poaching.
Other arguments against a trade ban could potentially be found in the precedent of the 'war on drugs' which has spectacularly failed for more than a century (Curr. Biol. (2013) 23, R585-R588), and in the observation that a controlled and sustainable ivory trade could supply much-needed revenue for some of the poorer African countries that most need it.
The trouble is in the maths. A kilogram of ivory is reportedly traded for upwards of $1,000 in China and, given that a tusk can grow to a weight of more than 40 kg, the fi nancial reward for criminal gangs can be too large to ignore. Similar problems are also encountered in other areas where wildlife is connected to trade with luxury commodities and the fi nancial gain that can be illegally extracted from a single large animal can reach astronomical fi gures, as Loren McClenachan from Colby College in Waterville, Maine, USA, and colleagues have recently reported (Curr. Biol. (2016 ) 26, 1640 -1646 .
In another recent paper in this journal, David Lusseau from the University of Aberdeen and Phyllis Lee of the University of Stirling, UK, have used population modelling to assess whether controlled hunting could supply enough sustainable ivory to satisfy the current demand (Curr. Biol. (2016) 26, published online http://dx.doi.org/10.1016/j. cub.2016.08.060). Disregarding natural deaths, the authors come to the conclusion that the current demand could not sustainably be met with hunting. "Given the large discrepancy between current illegal demand and what can be sustainably problems. In the opening speech at the Inaugural Giants Club Summit held on 29th April 2016 at Laikipia, Kenya, Save the Elephants founder Iain Douglas-Hamilton laid out his hopes and fears for the future of the animal species for which he has worked for more than half a century.
In the worst case, Douglas-Hamilton concluded, corruption and criminality could prevail over all conservation efforts, causing great damage both to wildlife and humans. In this case, he said, "I fear if killing elephants for ivory continues at the present rate that the surviving elephants become fi erce and dangerous, reduced to small isolated populations, living in dense thickets, a danger to human beings and with no long-term viability. This could be an eradication of the wonderful, peaceful animals that are viewable by thousands of people from Africa and overseas who come to see them." However, he ended on a positive note expressing that his hopes were stronger than his fears, and highlighting the case of Botswana as an example of a successful conservation programme, concluding: "I have hope that through intelligent planning, based on sound knowledge, elephants can continue to play their role in preserving Africa's great forests, and with them the water, climate and other ecosystem benefi ts that result from their survival."
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk harvested from African elephants, we cannot see a way by which ivory harvesting can resume and be sustainable," the authors state. However, they also acknowledge the failure of existing trade bans, admitting that "we cannot brush aside the fact that poaching has reached industrial scale fuelled by an increase in consumer demand driven by the rise of the middle class in countries like China." Ultimately, consumer behaviour is the root cause of the problem that needs to be changed.
In a drastic attempt to demonstrate that illegal ivory objects are not a good investment, several countries have staged large-scale public destruction of confi scated ivory objects. In the US, the hashtag #ivorycrush was used in a social media campaign to publicise several such events. In the fi rst offi cial ivory crush held in 2013, the US Fish and Wildlife Service's National Wildlife Property Repository near Denver used rock-crushing machinery to destroy a six-ton stock of confi scated elephant ivory. Since then, similar events have also been held in Times Square, New York and elsewhere in the US. Kenya has demonstrated its resolve by burning its stockpiles of ivory.
A world without megafauna?
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